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CONTINUOUS DURATION OF WIND SPMS UND1= THE CONDITIONS OF THE PUAINS
ARMAS IN THE USSR

TomogKlyutolo~ii. NKujhto-s1lg.dd1.t* '_ T.oN. Anisiumm
4kiv In.tItut &9o.kl
(Problems of Cliintology. 8eoentifc-aesoearch
Institube of Aeroelimatology. Transations),
No, 52, Moscow 1968, paese 65 - 70 '

During recent years, in applied climatology for the ob-
tainment of various kinds of regime characteristics, the calcu-
lation methods have become popular. On the one hand, this is
explained by the lack of reliable observations on certain mnt-
erologicaJ. elements for a sufficiently prolonged period, and
on the other hand by the necessity of satisfying the reqoire-
men-s of the practice and computing the climatic parameters
in the values which can not be obtained from the direct dis-
crete observations.

In the present report, we consider the application of
the calculation methods for obtaining the regime features of
continuous duration of wind speeds.

For the calculation of the spatial variation in the con-
tinuous duration of wind speeds, of great importance is an allow-
ance for the local conditions of the location of the-observation
points (extent of protection, relief, vegetative cover and sev-
eral other factors). As a whole, these conditions exert a more
significant influence on the conditions of wind speeds than the
latitudinal position of the observation points.

The direct interpolation of the hourly data (which are
available in a limited quantity) for obtaining the pertinent
regime features for the points not having hourly observations
will involve appreciable errors in connection with the high
deviations of the interp3lated values as compared with the true
(actual) distribution. In such cases, the application of the
calculation method permits us to obtain a higher accuracy of the
data.

The continuous duration of wind speeds above or below a
specific level is characterized by an average and maximal con-
tinuous duration, and also by a probability of duration by grad-
ations. All of the above-listed characteristics can be obtained

* -- i-



by the calculation method based on the regular interrelationzrhp
of the various wind parameters.

For obtaining the average continuous duration, we have
utilized the previously established relationship [1] of this
parameter with the frequency of discrete values of wind speeds
which can be obtained according to the data in Spravochnik pc
klimrtu SSSR (Handbook on USSR Climate), Part 3 (Wind) for a
large number of stations.

An analysis of the hourly observations of 28 stations
permitted us to differentiate this relationship with reference
to a varying level of speeds ( - 2, c 4, >,-5, >,8, >12, l16
and ,*20 m/sec) for the conditions of an open level area.

In Table 1, we have indicated the values of the average
continuous duration for the specific levels of wind speed. The
accuracy of the indicated values will fluctuate within the lrm-
its of +1 hour.

c2 - c4_ _ _ _ _ _ _ _ _ _ _6 ,2(

41.2_0,I4

.2 ;i 2

0.3 4
0.2 4
(P.5 2 2 5
0.6 3
0.7 1 6 .

0.3 3 442

0.9 3 4 7

2 2 111

3 2 4
4 "?!
5 11 31

15 3 4 4 2 3 3 41
20 4 4 4 3 3 4 6
25 4 3 4 5 3 4 4 5 6

5 4 5 6 4 4 4 5 6
15" $ 5 6 6 5 5 6 6

..40 6 566 4 7 6 5 60
45 7 6 7 6468 7 67 8

'-o 7 7 7 7 5 7 9 8 6 8 9
•55 9 8 9 8 6 8 10 9 7 9 10
60 10 8 12 9 7 9 II to 1O II
65 12 1 10 8 10 12 10 12 12
70 18 I 9 I 13 II 13

I I 1 12 14•012 18
85 15 20)

Table 1.
(Caption on next page)

-2-



Average Continuous Duration jioirs) of Indicated
Limits of Wind Speeds at Their Specific. Frequency

The value of the average continuous duration increases
with an izcrease In frequency of any given wind speedindepen-
dent of the location of the station. However, the influence of
the local conditions of the points is reflected on the value for
t.e frequency of small wind speeds (!! 2 and < 4 m/sec), and
through it also on the continuous duration of these speeds, whichincreases in tiLe well-expressed river valleys.

For the wind speeds <2 and- 4 and >5 m/sec, the data
concerning the value of the average continuous duration are pre-
sented by seasons of the year.

The presentation of the data by seasons affored the possi-
bility of decreasing the effect of random errors, in which we
retained the typical features of the seasons. However, the data
do not always correspond p-'ecisely to the calendar seasons. In
the given case, the seasonality is defined more correctly not by
the calendar dates, but by the pattern of any given atmospheric
processes. For example, in Magadan, Krasnoyarsk and Khabarovsk,
the regime of the wind speeds 5 m/sec in March progresses as in
winter; the regime of the same wind speeds in Ozernyye Klyuchi,
B. Yelani and Chita in May already has a summer character.

For the obtainment of the stochastic characteristics of
the continuous duration of wind speeds, we utilized the method
of the straightening and superposition of the integral distri-
bution curves of the form

- M(•) •
P (X;x)=e z

where P (X >x) = the probability that the random value of X
will exceed the assigned value of x; x/7 a the ratio of the
prescribed amplitude of the random value to its average value.

A detailed Justification of the application of such a
type of climatic processing has been presented in the report
[2]. The distribution curves of the continuous duration of
wind speeds have been straightened and superposed by construc-
ting them in semibilogarithmic coordinates:

(Ig .2 and IgIg I )) •
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The integral curves wzre constructed by totalling the frequency
of a± definite limit of wind speed from the high values of limits
of continuity to the lower values.

In the construction of the distribution curves, we took
into account the modal value of frequency of continuity limits,
in which we differentiated the cases with the mode, falling in
the hourly range, and the cases with a mode of more than an hour.

An analysis of the derived distribution curves of con-
tinuous duration of wind speeds confirms the absence of signi-
ficant differences in the distribution curves both for the var-
ious p'oints, 1mlmts of wind speeds as well as for the seasons.

This signifies that the distribution curves, varying to
some extent or other from season to season or from point to
point, or finc-ly from the wind speed values themselves, cor-
respond to one distribution law, in which only the numerical
parameters vary.

Based on the nature of the distribution, it seems feasible
to us to segregate the following typical distribution curves of
continuous duration (see Fig. 1):

type I-- plains type, typifying the distribution of con-
tinuous duration of various speed limits for the conditions of
an open level locality with a mode equalling one hour;

type Il--plains type with the mode greater than one hour,
In which we can distinguish two subtypes: a- basic plains type,
b- plains type with low average speeds.

The difference in the subtypes a and b consists in the
fact that the entire curve b corresponds to a greater variation
in the continuous duration of definite speeds.

The distribution curves with a mode occurring in the
continuity range of more than an hour are constructed in most
cases for the wind speeds exceeding 12 m/sec based on quite
limited data. For such speeds, we typically find an abrupt
reduction in observations, which in turn greatly increases the
influence of random errors. In these instances, we can utilize
the type I distribution curve, since the divergence from the
factual data will occur only in small ranges of continuity. /69

For the solution of the practical problems, of maximum
interest are the ranges of high gradations of continuity, and
they can be derived more reliably from the curve of type I.
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Fig. 1. Integral Distribution Curves of Probabilities
of Continual Duration of Wind Speeds. Type I - plains
type (top drawing), Type II - valley type (lower draw-
ing). a-~ basic plains type, b- plains type with low
average wind speeds. xasig/xa - ratio of assigned
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The use of the method of construction of generalized dis-
tribution curves permits us to reduce the error of probability
(G-), especially in case of a small volume of selection.

In Table 2, we present a comparison of the probability
errors ( A r ), of the continuous duration of wind speed in
the utilizati~n of actual data by individual station with the
corresponding probability error, computed on the basis of the
generalized typical curve (type I, Fig. 1).

Table 2
Values of A a-P

La ,- *m.. -• (,)ou)

4a 24 30 6 + 4 1
SF9

11 +-
0 0• 0 +1 --1 -r +14 +220 +35 -0 2 +3 +' 4 +4 ?1 J +to +5 +5 +4 3-7-3 -t4~ +4J+ +4
I- +11 +14 +15

The probability error (A <rp is calculated as the dif-

ference p of the actual (according to the available number of
cases) and 7p based on the generalized typical (standard) curve,

wherein the symbols + and - at bq indicate respectively the

excess of the actual error over the computed value, and viceversa.

. As is evident from the data in Table 2, at a value of
selection more than 50 cases, the utilization of the actual
data provides satisfactory results. In a sampling of less than
50 cases, the utilization of the calculation method becomes more
effective.

This provides a basis for recommending the use of the
calculation method not only in the absence of interesting in-
formation on the continuous duration, but also in the presence
of factual data obtained on the basis of extremely limited sam-
ples.
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I

APFPROIXATE CALCULATION OF WIND SPEED IN THE 130 METER ATMOSPHERIC
SURFACE BOUNDARY LAYER FOR THE CENTRAL REGIONS OF EUROPEAN USSR

NOWm , 1 m32gIm 29US ps o, 71o2

The territory under consideration in the central regions

of the European USSR territory occupies the Yaroslav, Kalinin,
Moscow, Vladinir, Snolensk, FAiuga, Ryazan' and Tula oblasts.in nat-are or teller, this territory is uniform and comprises

a zllghtly brokers plain witts a series of individual uplands,
including ';he Cen~tral Russian, Smoleno-Moscow and Valday. A
large part of the territory is situated In the forest zone,
and the forest-steppe Is fo-.jd only to the southeast of the
Oka RIver.

As Is knovn, the vertical profile of wind speed In the
boundary layer o' the atmosphere depends signific1 ntly upon the
roughness of the subjacent surface, the temperature stratifica-
tIcn and the actual wind speed.

In the present report, for the description of the varia-
tion In the mind speed with height in the 100-meter air layer,
we have used a comparison of wind speed based on the wind vane
of a separately selected station with a speed at a hetight of
100 a based on the pilot-balloon or radijsonde data taken from
thw charts in confo.-ity with the location of the station.

On the basis of the studies, we have included data on
the average speeds of wind and frequency at i7 sta-+tions on the
ground In the central regions, seven pilot-balloon stations and
18 stations (USSR territc-y) of the radiosonde observations.
For the list of aerological stations, refer to Supplement 2.
The data from the ground stations pertain to the period 1936-
1960; the aerological data, 1930-1952 (pilot balloon) and 1959-
1963 (radiosonde).

. . .. .. . . . -



The description of the location of stations based on the
standard system developed by S. A. Sapozhnikova (10] has been
presented in the section on climate of the UGMS uf the Central
Regions by L. D. Solov'yeva under the supervision of P. B.
Shekhtman. Ye. Yu. Kim participat-d in the calculation of the
tables included in the text.

In the process of formulating the description of the
stations' location based on tVe standard system [10] (refer to
Supplement 1), che necessity was indicated of making certain
refinements. Thus, In column 4, explaining the landscape of
the locality, the swampiness "B" is refined further. In addi-
tion, in the description of the macro- and meso-roughness, we
introduce additionally the column "extent of forest cover, ex-
tent of builtup area"--ZL, ZS. In this connection, the lower
index at the conventional notation ZL, ZS characterizes in
pointu the part of the area occupied by woods or buildings,
of the total area with a radius of 10 km.

Part of Area Points

o to 1/4 1
from 1/4 to 3/4 2
from 3/4 to 1 3

The exponent at the conventional notation indicates the /72
point evaluation of the height of trees of buildings.

Height Points

Less than 10 m 1
More than 10 m 2

(In either case, point 1 is dropped).

In the description of a water basin (reservoir), we have
introduced the column "Form of shoreline":

Form of shoreline Conventional symbols

Cape M
Gulf Z

In the description of the relief, we have introduced
the additional form, i.e. the lowland "N".

Based on the description of the location of each of the

77 stations, we have accomplished a standardization of location.

-9-

L/



All the stations are classified according to the zonal features

of tk-e location (the forest and forest-steppe), upon the local

extent of protection (open and protected), based orn the relief

form (level location, elevated points, hill, slope, valley,

straight valley, depression, etc.), proximity of water basin

(reservoir, lake) and shape cf shoreline (cape). In addition,

in the standardization we have separately classified the forest

glade and the urban conditions. In the grouping of the stations

based on these characteristics, we have taken into consideration

the average annual wind speed and the diurnal amplitude of wind
speed in July (v131' V,-

In connection with the fact that the heights of the wind

vanes at the meteorological stations vary from 8 to 26 m, in the

standardization for the comparability of the data, the difference

in the heights was compensated by multipxacation times the appro-

priate factor computed on the basis of the logarithmic formula

at z0  1 m. In this manner, the c -erage speeds were reduced

to the height of 10 m. As a result of the standardization, we

derived the generalized estimations of the indexes of the wind

regime in the basic types of location which are listed In Table

1. As is evident from the data in the table, Independently of

the conditions of the extent of cover, the average annual wind

periods will increase from the concave relief forms to the con-

vex forms, and reach the maximum values (4-4.7 m/sec) in the

places situated near the water bases. The index of the char-

acteristic of the diurnal pattern of wind speed in July v 1 3 /v 1

has a reverse pattern, i.e. the maximum values occur in the de-

pressed points (depression, forest glade), while the lowest

values (0.9-1.4 m/sec) are found on the elevated points and

near the water basins. The line which is segregated In the
protected conditions, oriented in the direction of the preval-
ent winds, has average indexes of the wind regime close to the
convex relief forms (hills, slope), wherein the speed is even
slightly higher (3.6 m/sec).

For the approximate description of the variation 1n wind
speed with height in the 100-m layer, we calculated the ratios
of wind speedb at heights of 100 m to the wind speed at 10 m.

I =V (1)

The average wind speeds at a height of 10 m. are taken from the
wind vane of individual stations, wherein for comparability
with the aerological data, they are calculated as an average
from the observations at 0700 and 1900 hours.

-10-



Table I

Average Annual Wind Speed (v .. ) and Diurnal Amplitude of Speed
in July in the Basic Types o e•ation Locations (UGMS) of the

Central Observatory

% I I- I ;
* ) I

Tweet Lend 000 ..... . .8 2.3 14
Fares g2.9 J.2 2

3. 2.I . . 3,5 I 2.-4.0 2.o .2 *

* 4.7 2.0 2
S . 4.1 1.4 2

4.............. 7 34.9 1XMao looitr ....... 3.1 2.4 142.2 2.9

..... 2....... j 2.31 3
_]ti•,t.t ... 1,,,4 •3.2 1.8.............. 3.0 3. 23".2 I-2.6 4

3.6 I 2.41
mu, I * .l.g........ 3.4 2.4 I

X1 4.0 2.2 3
J~a.....4.1 2.0 J

V41W.......... 3# 2.2 I
Il, l. q ........... 4.3 2

For the calculation of R, the average speeds at a height
of 100 m for all 77 stations of ground observations are ta~ken
from the charts compiled by us on the basis of the cllm~atclogi-
cally generalized pilot-balloon data of three station:s (:Xz.zcow,
Vologoye, Smolensk), situated in the territory under conside-
ration, and four stations (Vologda, Gorikiy, Orel, Veuklo LO
in the adjoining territory.

As a result of the calculation, we derived the annual
pattern of the R-values under various conditlons of location
in the plains aid hilly regions of the Central *iblasts (Table
2). As is evident from the data in Table 2, the .- values are
higher in the forest zone than In the forest-steppe zone, and
higher under protected conditions than in the exposez onez.
The maximum values of the ratios for R (3.0-3.5, are noted in
the forest glades, in the places protected by buildings, and
in the depressions. The lowest valueE for R (1.1-1.2) are

-l1.-



found near the large water basins. In the annual pattern, the
P-values increase from winter to summer, and reach their max-
imum In August-September. Also perceptble is a certain in-
crease in R in April. Such a pattern in the R-values is ex-
plained both by the general circulatory processes and by the
influence exerted by the underlying surface. The indicated
increase in R duw-ing April is asscciated with the decrease in
the average wind speeds at the Earth as a result of the descent
of the sncw cover and the increase in the roughness of tt.e
ground surface, wi-ereas at a height cf 100 m, during this period,
the maxilnum values of the winter months are retained.
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The displacement in the R-maximum at the end of summer
(August) is evidently e.,plai-ned by tne fact that we utilize the
observation hours 0700 arid 1900, when owlng to the late sunrise
and tne early sunset, there is expressed more distinct'y than
in June and July the weakening of the turhulence associated with
the temperature Inversions.

The variation in the course of a 24-hour poriod of the
wind profile in the 100-neter layer can b-i regarded as a func-
tion of the wind speed at zhe height of 100 m and of thermal
stratification. I':oreover, R is established directly by the
wind speeds at heights r-f 10 and 100 m.

'he pnases of the diurnal pattern do not coincide it the
heiht of 10 and 100 m. While at a height of 20 m, the minimum
cf soeed occurs in the night hours, while the maximum occurs in
the daytime hours, at a height of 100 m, the maximunu is recorded
inl the night hou... while the minimum occurs in the morni.ng
hours.

in Figs. 1 and 2, we have presented the ratios

S= %h/R,

herý Fh := the ratic of speeds in the daytime (Fig. 1) and
nign- (FJg, P) hours, t = the average ratio of speeds for a
24 hour period.

For the construction of the curves, we have utilized thp
data frm tne radiosonde observations from 12 stations.

As is evident in Figs. I and 2, to a known extent the
P-value depends on R. During the daytime hours, P decreases

with an increase in R. During the night, on tne other hand, it
increases. Moreover, p varies in its annual pattern, In the
night nours, P increases from winter to summer, and on the other
hand in the daylight hours, it decreases. Utilizing the de-
rived dependence of D on R, we obtained an approx.mate charac-
teristic of the values in the nocturnal and daytime hours for
the various types of location (Tables 3, 4). The data presented
in Tables 3 and 4 indicate that the maximum differences in R
during the night hours from the daytime hours occur in the zum-
me. period. In winter, the difference in R at night as compared
with day are nor significant, and comprise 0.2-0.4. However,
in summer these diffcrences are great, especially under the
protected ccnditions, where the R-values during the night houis
exceed by more than twice the daytime values (forest glade, ur-
ban protected conditions). it should be remarked that in the
annual pattern, the R-values during the night hours have a con-
siderable range (1.2-1.4 = level area, 2.0-2.2 = forest glade,
depression), while during the daytime hours, the range of the
annual pattern is slight, around 0.2-0.4, and only under the

-16-



protected conditions does it reach 0.8. Although the annual

,* pattern for R is slight during the daytime hours, for almost
all types of locality, we can detect a decrease in R at the
end of spring and the beginning of summer.

p Such a pattern of the calculated R-values is confirmed
by the data obtained directly from the radiosonde observations
for the Dolgoprudnaya Station (Table 5), which is located on a
level place, but surrounded by forest and structures at a dis-
tance of 50-500 m.

/79
Table 5

R-Values at Various Hours of the Day for the Dolgoprudnaya Station

2.5 1291 3.2 3.2 4Mj 4.7 4.9 5.6 51 5.7 5.3 29 2, 9

8.5 2 2.9 2.8 2.55 2.0 2.1 2.2 2.6 2.5 3.4 2.9 2.8
14.5 I2.6 I 1 20 2.1. 1.9 2.1 2.0 2.1 2.3 2.5 2.7 3.2
27 2.9 1 2.9 3.2 4.0 3.9 4.3 j 4.4 5.5 6.,2 48 3.2 3.0

The derived relationships of wind speeds on an average
for 24 hours, during the Right and daytime hburs provide the
opportunity, if we have the average wind speed at the wind vane
height, of calculating the wind speed at a height of 100 m de-
pending on the features of the location and with allowance for
the diurnal pattern.

In addition, these relationships permitted us to utilize
them for an approximate description of the wind speed at a height
of 50 M. For the calculation of the sind speed c this height,
we used the power formula of the variation in wind speed with
height

-i- =( sr.(3)

In report [3], it was shown that the wind profile up to H = 200-
300 m is approximated somewhat more accurately with the aid of
the power function of height than with the aid of the logarith-
mic function. The exponent m of the power function was regarded
by us a function not only of the thermal stratification but also
of the features of the underlying surface. The values of the
exporent m, both on an average for a day as well aý for the
day and night, was deteruiined on the basis of R. Substituting
the derived im-values into the ,.;ower equation, we calculated R
for day, night and on an average for 24 hours at a height of
50 in (Tables. 6, 7, and 8). For verifying the magnitude of the
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4.)

WI

(1 .)(

Hbo1

a0. 0

4.) 0

*~C 4-)w> C

04 z1I
60 F- a * ; gH

$6 z

co 0
43 -4<

a -

J 04 44
0 A A) f

* a

V004

IOI

9*

00
cd 14 )



i7

values derived, the latter were compared with the calculated
data [8] according to the Laykhtman formula:

-- •- --- *" at zo = 0.05 and 3 cm (J)

for an open level place at a latitude of 415-500. A cc-m-parlson

indicated that the magnttude of the ratios agrees well wlth the
data il Tables 7 and 8 for a level place in the ffrest-ztere,
and this permits us to recommend ther in a first apprnxziatior.
for practical utilization.

In the present paper, we have examined the questlcn of
the employment of the average wind speeds for obtaining the
maximal speeds at a height of 100 m. For this purpcze, we
applied the graphic method (adopted in climatology) of the
smoothing and extrapolation of series of observations based
on the grid (network) developed by L. Ya. Anapol'skaya and
L. S. Gandin. According to the data of 18 stations or radio-
sonde observations, we constructed the distribution curves of
wind speed based on the wind vane and at a height of lC a.
It turned out that the angle of inclination to the axes of the
coordinates for the distribution curve of wind speed at a bei4bt
of 100 m differs from the inclination angle at the Earth-the
line runs more evenly--therefore at high speeds, the distribu- /83
tion lines converge, and this indicates a relatively decreaseJ
variation in the wind speed at a height of 100 m. This Is pos-
sibly the result of the varyig scale in tte averaging of the
data (of the anemometer and the radiosonde). With the aid of
the distribution curves, for-18 stations we establish-the re-
lationship of frequency of high wind speeds to the average
speed (Fig. 3). This graph illustrates well the differences
in the variation of speeds at the heights of 10 and 100 n, vh!ch
increase in proportion to the increase in the soeed. 7hu:, the
probability curves of speed 77 TP/sec at these heights are arn
extension of each other. However, the lines characterizing the
increase in the probability of speed > 10, 15, 2I rdzec at

height of 100 m, located below the correspoAdine lines tased
on the wind vane, which is a manifestation of the decrease In
the variation of wind speed with heirht, qased on the data
from this curve, we constructed L naoogram foi calculating the
maximal wind speeds at a height of 100 m (Fig. 4). _asell on
this nomogram, we can determine zhe maximal wind speed at a
height of 100 m, provided that we know the average wind speed.

In conclusion, we should state that, in spite of tne
approximation of the calculations, the data present.•d tez:tify
to a considerable variation in the wind profile in r.he lcuer
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SUPPLSNENT 1 /86

FEATURES OP TERRAIN SURROUNDING THE WEATHE STATIONS AND PRINCIPAL WIND
CHARACTERISTICS

Mcro-rou s~o t
Height of vll•iv~ne - -.V.w.

Statin loction hejgt amnae fres-
le, x;M 01

Yaroz•lavll Oblaot

Ga u .... o. . 122 10 X2 37 c1,
Po&hekhorn'yd-Volo1ý . 109 h6 .1¢ 3.1,
Itrs Rab novr•d.y .. 103 17 .1A 3.1 1
Deni1or ............... 15. 12 X .1c 3A 1
Ifbns'z, (;,% .... ....... , .•104 14 23.'14. -1it,

R _t y., M w I . . . . Im ' 13 X .A c 3,1 I
Ya-olvt • :.:: .• 12 At M,~ I

Uglic~h ................. , 120 1I 1T1C 3.111I
P• t • . . ......... 99 14 .IC II

Peeg.sav 'Za •z~Y 74 13 X ,lC 3.I II

144

S................ 10 I1 X 1 311t II
Bolo1oye .............. 187 II X 01C 5 ?rt 1

Miksatit c.n............ 134 12 Ace E 3123 It

Bezhetsk ............... 140 it X .1C - I

Vyalt.:. V lochek ...... 167 12 1IC 6 3CI It
Tolmc .3.............. 138 12 X .Jt 6 31 I£ II
K hi .......... 3 12 X .1C 5 3A1, II
0" h ........... 1.217 II X A'e 5 3A1 II
Kuvihinovo ............. 252 II X AIc 5 321 It
TO rziTk .................. 171 I1 X Alc 3,i7 I
Savel.vo ................ 12 12 X Atc 5 311 It
Stariti t.............. 179 12 X Aic 3.1 II
To ets ............... 187 11 X 'IC 311 Ii
Z'=,nf,' Dvirn........ 200 12 X .c 6 311 II

Bolyj ............... , 212 1 I! X c r 3J11, I

:bsmu; Cbloust
Min ............. l 166 1! X .tIc 311, 1

.itraov ... ...... ' 183 II X Aic 3C, II
Volokolamck ...... . 187 1I X AtI 3A1 II
Pochinki ............... 137 13 Al ; 3r.1, I
lovo-Iyeruvalim ........ .159 11 X li 31, I
LC nlor tro'•!y ....... 147 20 11 3C III
:,0 vkadiya.. 162 26 tI 3C, II
Lbskva, M ........... 124 12 ` 3CX III
Kurvslzye. 122 II nc 311, II
Cherusti................. 127 II lIC 3A II
L.,zhvnsk .............. 184 II X A1c 311 II
llem- mcu•dx,..k .......... 166 I1 X Alc 6 311, il

............... '112 12 AlC 3C II
3 . 178 17 AIc 3J11' I

S-puhov ............... 363 12 Xli 311 II

.av ý r-e ................ 219 If X AIc 3111



SUPPLWI4T 1 (cont'd)
/AT

Cf 0~*iffn. oa-tC V1Tjk' fre 1fnlati Form ti 4 tonIline~ bto t:eip Ito e1 .... h • / July

. 7 .8 t I 12 - ", *

Thaon'Arvl' Oblast

zROzhove'y...... 01 m W 5,8 0.9
)M ilov ................ - - - 4.! , I2
a•"i•k•, M ...... 0,:::E:H - 4,.4 ,.7

luta- e P - 4.0 2 5
12 Z -P - - 4,5 2,1 A

of city

ostov ................ - 83 3.3 20.- Sl'-Zlouk y C 3's 1.7 .

MAgjz. 1 Oblast
zes'm ..... - - C - 3.9 2.4
Bolooy.e ..............- - - P - 3.5 2.6

.... - - P - - 2.5 2.9 ;n vi1afe,u sz1rotuo•dai ty
roz'.zt on all sides

Bon, c............. - P - - 3.9 2.0 No woo• v.thin•rmlius

'7Yf. n:, . . -_ P -- B 3,6 2.1
Tolmac .i ............. ' ... - B - - 3.6 2.3

Kai................, - - 3.5 1.3
. ..... .-............. -- SM H - C. 8 3.,9 1.9

......... - X - -- 3,7 3.2
7o r_ . ..... ..... -- - - 4.,2 2,1Sa'rSlovo .............. Ps E P _ - 3,2 2.3

uerit ma .. ±............. - oW B -- -- .;,4 2.2 Oa an oelvation in the
- -•- I -- -- 3,6 2.4 for ofarid.

"S l61 i.................. - 1- I C ' -- 2,91 2.4
'o wcoi, Olact

S ................ - -. - X, C N -2 .8 7
I tro v............... . x, C c - 3,6 2.2

-,olo o-=- ........... . X, C) N T 3.7 2.5
PcOc*;incl .............. P - 3,5 3.3 In forest Slaae

. - - K 3 3,2 3.3
10 S ir.0o t tOO0S .- . ........ - p _ I 3.3 3.0
1'0o s3-"u- _--. -- • a•-ka , -- -- P - n 6 2.2
L'. skvm, = ............- _ - p n 2,7
Zarov3 zye ........... - - - p _ 2.3
:erust ............ - - - H - 3,1 27

- - - X.C c - . 2.6
I...... .... 3, 3, 7• _ . .... .." . 2 . 3

"--l =• ............... . . p _3-- 3, 7
. .. ........ . .. . p - 2.6,,_. ............ . . . " ' _ ,

.-- ...... 1 -- i 4 . 9  On high shore of
Oka River, at 2

km
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- I&M -Upcro-iriobnst.

(•)-- r 't ui . ti . z, 4 in

1".- ,"g _• __Ing*

32 3 4 I 7__-__ I" I' Is
"Vl•dimi r Obla•t

P 11,1d 152 It X AJc 3.1 111a 3, t 1 Ac I A
Go rqft'akh0vot | ....... 72 12 -•z 5 3oli IVladimir, (U ........... 16 12 I I t

Sel .'anovsko.,., FPOA-

"Gmental, o.b. .... w 12 A& 3111 F

m.:taa .............. 1. 33 I
SAigan Oblaslt

S......... .1 X"- 30, 3

V• 'i .......... 3I3 EJIC 353
S•hbc 1& 3,13, 3

111 &i a 3139
I Acg 3N 5

a-

...........

s~-••......... is At I

is As

S............... Ac ••

Wau@% Oblast

e1.e a 3r.............. M3 13 1[ JIC 1 1--
L~sl2a.. t I An 9

1býa"a' Obl.ast

............ M13 Arc. 3nj n

Yelatihoa ......... LIM 3 It Ac 311 a
1%:: 3M xI fic 3A1

Sa.lovo ................. 2I13 Asm 3)1
StarozhioYo.......... 149 It JC 311

±'ireia ~ 7)9 13 1 AC
!y uk ............... m it 1 - t
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Iter . / 1 I of

'I Ro adirdi rient& Of

ZvaI., & &I U .on•

j•P'a•-% "dy .... .. C E - 3.8 2.5IS. -. . .. . 4.1 2.5
.Gozo• kov gt3 ....... - -- t - - 3.2 2.7

. Ia f to I II

-ioZira, 3Olast

1:c E - 3.2 2.43 O Tt~~.

h ,t .. .... .. . :

Pouak............ . ..- I J 1e.po

It- N" 3., 2
--,• - . - -- -- 31*Po r.h ............ . C 3 24 p

ev3 ............ - -. ."l z ....... .... . .

' " "O " ...... ,- - P. -' -" 4.5 2 •

. .," "' - -, 2."

. ................. 
34. 2.1

S,.. 3.~7 '2.6 3 tga

- - - 4.9 2.2
- -34.4 2.2

"34."o'r.............. -. - - 4.7 2.0 I

.-• •i;8,,,..........- - 4.2 2.2

p 4.0 2::

-- p 4., 2.3
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/90.~-91
Remarks to Supplement I (cont'd) (cont'd)

To column 10. P - plaines )I- valley, H - lowland, C - slope, B - poekt X
hill, ;?n- straight valley(oriented In the direction of the Irevaiing vwmi)*
K - trough. Por the slope, he subueript. indieates top, center (no noiu-
tion), o - bottom. Pir 0d*pIo. C e sigiifieo tbe *dper part of slope". The
exponent a0 the oonventioml symbol of the telief form indicates the differ-
ence in heights (A h) in the folloving point sysm-t. of evaluetioes

Differmene in height (W) Points

< 50 1 (is omitted)
50 -200 2
200-750 3
750-1500 4
>1500 5

To column 11. The orientation is indicated by 16 compass points. For the val-
leyaq the downstream direction is giveM. In the came of complex relief, the
orientation of all the rolief components is indacated. The orientation is not
given for the peaks and hills.

To column 12. 3 - negative reltif forms.-(Valleyn, troughs, saucer-shaped de-

pressions, and also the vegetation and gladq favorJig the otagnat'on of air,
where the vind spepd hre slackened). Tkk positive relief fo6os (peaks of

mountains, hills estc.) with favorable coimdlions for turbuleit air mixing (the
vind h"s freshened. C = moist, rA'sh4y axwos B - near al•arge water body (riv-

ers, lakea, not farther than 1 - 1.5 km). .17- eity, industrial region.
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LIST OF STATIONS OF AEROLOGICAL OB3ERVATIONS

I-i

17am of Station Hei ,ht Height above cPriob of obeervu-
IIg level ti ns (year)

1ez ine .............. 127 49S9-1963
1el•d.e IL . . .ot 1U94. IM log. 3940.

7e g197--1962

Bology'e ............. - too I !2&- I32 1938--1940.

Gor'Id .1 ~ 947-1962
:ýb........................... .17 m15 A-

Gor.k.y .............. 1926-M4. 1936. MS.
309 -0,I41., I93. L95--

K nn ........ . I1.30 0 19S9-1963

KIla ............ 30 3as 1969-t963-

. ... 934-1940. 1944--195-••.• ............. z, •, - 190 1937--1941I 1945T--1952

Syw'eV........ t3.5 433 1959.--IiL "vom ........ ll. 1 3{29 1"9--1963

iea.• .. ,,. s.... ..- o 10 ;1-959-1%63
M1=,oDv ........... 13 147 19,%9-1960

Eoaediz. ............ ,0 1I ,5-,%to .... 53 4 1-959- 1•. p ,tprd .......... % -d , oi ,l- ,,
K~aooz ...... ,... 12 90 1959•--I19
S....... ...... . - -.. I 8 1953,-1963
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DU:RNAL VARIATION OF WIND SPEED IN THE ATMOSPHERIC PLANETARY
BOUNDARY LAYER

Voproxy Klimsologi. NW•hUa-m1us1#wgnt9'- V. Me Skyarov
qki,, Institut Aerok.limuto!ogri. l"ftv.
(Problems of Climatology. Soientific-Res.arch
Institute of Aeroclimtology. Transactions)
No. 52, Moscow 1968, pages 98 - 119

The climatological studies of the diurnal wind pattern
in the boundary layer are made more difficult by the limited
number of the observation periods. As is known, in the net-
work of the aerological stations, the radio-wind sounding of
the atmosphere is conducted two, three or-in the best case,
four times per 24 hours. However, even based on the results
of a quadruple sounding, it is difficult to establish the
position of the typical points necessary for constructing the
reliable curves of the diurnal variations in the wind at var-
ious heights.

Obviously, any given period of sounding can not be equally
representative for the entire depth of a boundary layer. For
example, if the observations at 1300-14C0 hours characterize
the diurnal maximum of wind speed at the Earth's surface, this
does not signify that these observations are to some extent in-
dicative also for the height of 300, 500 or 1,000 m. With the
same justification, we can state that any given combination of
several observations periods, being representative for some
heights, will prove unconditionally nonrepresentatilre for the
others. Therefore, it is necessary to have such a number of ob-
servation periods, which in combination would permit us to ob-
tain sufficient data for an objective description of the diur-
nal wind pattern at all heights, i.e. from the Earth's surface
to the upper limit of the boundary layer.

In an ideal case, this number should be 24, since only
an hourly sounding of the atmosphere is capable of providing
exhaustive data for a detailed investigation of the diurnal
pattern of the wind speed. However, such a frequency of sound-
ing can be realistic only in the form of individual discontinuous
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series at separate observation points. Therefore, the availabie
data of hourly soundings are so limited that their utilization
for climatological purposes is practically Impossible.

In connection with what has been indicated, it appears
feaziýle to utilize the results of the quadr%;ple radlo-wind
sounding in combination viith the data of pilot-bal.loon obser-
vations. Such comtined aerological observations--redio-w~nd
observations in the basic periods and the pilot-balloon -)bser-
atlonz in t*.e ntertmediat- vericdz are zonduicted during a nun-

'er of ;ears at a conziderable r~uiSte" of statl'ns in the air-
• orts. -n this eonneztion, we have in mind the pilot-balloon
cbservaticnS tak:en from one point, Unce now, the regular taLic
observations are not conducted anvwnere.

It is understandable that the combined utilization of the
direct results of the pilot-balloon and radio-wind observations
is impossible, since the difference in the methods :f deriving
these results cause their dissimilarity. Therefore, the reduc- /99
tion of the pilot-balloon and radio-wind data to a single sound-
ing method is required.

Although in a study of the lower atmospheric layers, the
pilot balloon observations have certain advantages over the radio-
wind observations [18]; at the present time, the lat t er are the
principal and most popular method of measuring the wind aloft.
Moreover, the radio-wind observations are distinguished by
great regularity, as a result of which their results do not suf-
fer from that selectivity which unfortunately is typical for the
data collected from the pilot balloon observations [24]. Obvio-
usly, with consideration of this circumstance, it is feasible to
reduce the results of the pilot balloon observations to the data
taken from the radio-wind sounding, and not vice versa.

For reducing the pilot balloon observations to the radio-
wind ones, it is necessary to know the errors in the first rel-
ative to the second. Obviously, the more reliable and objective
technique of detecting such errors can be a comparison of the
results cf the observations conducted simultaneously by the radio-
wind and pilot balloon methods. Applying this method, the radio-
wind and pilot balloon observations are usually conducted for
the flight of the same balloon; we compare the results of the
observations obtained by both methods for the same heights.
However, such observations are conducted only spasmodically,
as a result of which their utilizatir for climatological pur-
poses, including for reducing a sern "- of observations to one
sounding method, is extremely difficult. In connection with
this, the indicated reduction is achieved by us in a different
way, specifically: by the method of differences in the many
years' values of the average diurnal wind speeds.
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The basis- for the application of this method has been
provided by the assumption that the mean diurnal values of a
meteorlogical element can be derived based on the observation
data in any four periods equidistant from each other. As the
experience in processing the many years' observations indica-
tes, this assumption is sufficiently reliable in respect to
the average wind speed values. Hence, if the radio-wind and
pilot balloon observations did not contain errors, or their
erro•. were the same, in the problem which we are solving, the
mean diurnal values of wind opeed computed separately based on
thc data of one or the other observations, should also be iden-
tlcal. Hcwever, in reality, such a coincidence does not exist,
and ths is v-vidence of the dissimilarity of the data from tie
pilot balloon and radio-wind observations, which needs to be
eliminated.

The gist of the method is as follows. For the same fixed
heights, we calculate the many years' mean diurnal values of
wind speed separately based on the data for four equidistant
periods of radio-wind sounding (-,,A ) and for four other equi-
distant periodsj in which the pilot balloon observations were
conducted (v ). Then, we take 'the difference in these values:

Al" = - ",M (1)

representing the error in the pilot balloon observations rela-
tive to the radio-wind observations (with opposite'sign).

If we assume that the difference 4v is stable for all
the periods, the average-speed value for the given period, ob-
tained from the many years' pilot balloon obser~vations, can be
reduced to the value v,7 of the adequate "average radio-wind"
for this samt: period, o~ecifically:

,=1 . (2) /100

In spite of the cbviou.s 3implicity of the method descri-
bed, Its application permits u.s first to exclude the effect of
the actual instrumentol error!; of the rilot balloon observations.
for the average characteristics of wind speet, and secondly to
.uppress to n considerahle e:zt'eut the depend,?nce rf these char-
acteristics upon the p-..c•-'.- property of the pilot ballocn
data. As regards tc, f','ft .f the ter er.' or.; (L th"
radio-wind .;c ndin.%-, It _. ........... .. •tait.e'i,-l . extendi.n7
in the given . nIot tvai a c- ,o.-. E,- 114. -
ever, with a propr , :.:t'.,:toL:, ad i-:"ilfii o:eratI',n cf the
equipment u.:eJ i th , adio-v ;, "U • n t'ei t "•'.l are
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close to zero [3, 8, 101, and fo-r practical purposes are not
reflected on the aviragec values of wind speed [8, 22]; we will
not discuss them (we will discuss below the accuracy of the
many years' average data, obtained from the actual statistical
compilation utilized by us).

Table 1

Many Years' Average Diurnl Wind Speed (7 m/src) in Vagrious Moths Base& om
Radio-Wind Sounding o Observations (no of term in series)

Month Iith T I
"4 - "- 3I - . 10. M S 7 9.6

g 0 a.-- .l. 523 9.ýl 313 9.3
7.o,,..... 4.7159 1.3 542 5.5 S5AO 6.7 ;&1 3.4

4W,.... 62 4.6 WS5 7.7 15 3 -.1 545 3.3 3:r 3.2
GM... 0 3.6 565 5.7 573 6.8 567 7.1 565 7.?
62 gn &7 602 7.1 4MJ 7.?' 512 7.41 388 7.3

', ... . M 3.•6g so 7.3 . 6 7.4. 5. 2 7.7 Y1 7.5.sL 3.6 8. 20 503 -3.3 30 6.2 3M1 8.
619 4.0 107 5.3 '53 9.2 '3M 9.2 5Co ro:,-.G 4.6 5S 9. L MA 9.9 7 39 S 4S 9.3WW 4.5 .35 I ,6i,1.3 5MI 9.5 375 9.5

Pilot bi11on obsevtitonsBa1c ry .- 611 4. 3 t 3%• .1 4.o 3". 9.-3

566~ ~~~. *,'~~~.. s~-~e • -- , I ",,ii,46 I7.4. 28o s., 19a4 --- 4
4. 5.2 .45 7.7 3 -' 5.7 1-26 9.1 22% 9.2

- 3am .. 0 4. !,Is 7.4 48@ 7..7 CI . 1 SI,P IL• a•. 0. %XI• 7.3 4 .
Gim .s* 460 3.7 5.3 5074 2
Me, 3. 02 19.3 374- 4.3 " 61 311 G.;

. C.., D 3.9 M2 0.4 35 6,4 M3 6.4 5.8
' M3 I 0. 57371 *i SU 7.0 5317.3

7 MS 5 66 .6 &V0 7.0 3150 7.2 01 -7.110 EM ' 3.9 7.4 454 8. i 430 .8.9
No 4.53 5.3 244 9.2 319 -er. 10I@ 443150z36 84i --*At inadequate numbof Mal date ies 200), mean vind opeed was

not CoM . red.
In a study of the diurnal pattern of wind speeds in the

boundary layer, we had the opportunity of utilizing the results
of the radio-win&: sounding in Kharkov at 0300, 0900, 1500, 2100
hours and of the pilot balloon observations at 0000, 0600, 1200,
and 1800 hours Moscow Standard Time, or respectively around 0200,
()O;00, 1.1i00, 2000 hour':;, and 0500, 1100, 1700, and 2300 hours
mean solar time for the Vive year per'led fromi 1959 to 1963.

/101
In Table 1, we have listed the many years' values of the

mean diurnal wind speeds for certain levels above the Earth's
surface (approximately every 300-500 mi), calculated for each
mornth based on the results of the radio-wind sounding, pilot
balloon observation; and observations with a wind vane (anemome-
ter). It is obvious from this tablle that the mean diurnal values
of the wind speed according to the anemometer calculated accord-
ing to the data for the various periods, are practically identi-
cal. Consequently, the judgment expressed earlier relative to
the coincidence of the mean diurnal w 1nd speed values, obtained
based on the data of the ,,tandardized observations for any four
oquidis:t~ant pcriods•, find,, excellent confirmation here.
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At •the same time, an anaelysis of the data listed in Table .1
! indlectrz that the meazn diurnal values of wind speed, calcula-

ted separattly based o-i the results of the radio wind sounding

and of the pil3t observations, are significantly Jiffer*ent; more-

over, these differences are always Idntica• 'in sign and in gene-

ral are fairly cloze to each other in absolute valu?.

Sm1re graph clldstr4tionQf Vh~t ha§'b stated above

is given :n the datA in-Tablee2, in whic -we khae Vabulated the

differences a d, obtained according to Eq. (1).

In Table 3, compiled similarly to the first two, but con-

taiing the many years' data in a seasonal average, there is de-

picted quite di3tinctly one of the significant features in the

indicated difference. This feature consists in a significant

reduction in the values of v with height. Obviously, the latter

is associated with the reduction, in the same direction, of the

deviations in the actual vertical velocity of pilot balloons

from the calculated velocity. j
-36- '
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Table 2

Dift'erenceA- (m/see) of Many Years' Values of Mean Diurnal Wind
v

red Calcti]ated Separately Based on the Data of the Radio Wind
Sounding and the Pilot Balloon Observations

Honth -m m

0. .s 0.4 --.

J ul ... ,..-. -4. 0.7 0. 6.7 #.5

. ....- i -4.1 1.4 I1. 1.0
,.1 1.4 a .7. 0.4

i. 06 .tq
, rvlue,•.....I 0.3 9 I 0.0 - -awi~ .,..-,.,I Il i i U ,5J -- -

VRefer to remark to Table 1.

It is known that a well-developed turbulent mixing de-
creases the resistance exerte.d upon a pilot balloon during its
descent. As a result of this, the actual vertical velocity of
the balloon is usually greater than the calculated one, accord-
Ing to which we establish the height of the pilot balloon which
1,:; observed from )ne point. Thus, based on the many years' ob-
_eurvatlons conducted In Slutsk (Pavlovsk), Molchanov [19] detec-
td in the lower layers appreciable po-sitive deviations in the /102
vertical velocity of the pilot balloons, from the theoretically
calculated velocity ( IA ). Decrea:sing with height, the devi-
ations in /SW attain at tde 2 km level the zero values. Analo-

,ou.'; reo.ults were obtained In the tnvestigations conducted by
Pinus, [12], in the Boris;pole region ([Note]: The positive de-
viations in M, are typlcal chiefly for the plains localities.
Ao the studies conducted by the Main Geophysical Observatory
Sunder the supervision of P. A. Vorontsov and Ye. S. Selezneva
[6] demonstrate, under mountain conditions, the N -values canw
be negative In the layer from the surface of the Earth to a
hIht of' around -,everal hundreds of meters. The same circum-
s tarice i. recorded by T. N. Klado [111] Evidently, the negative
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deviations in Aw are assoc.iated with the katabatic movements
of air near the mountaln passes [25].

Table 3

Mrtry Years' Mean Diurnal Wind Speed (r m/sec) in Various Seasons •
(n = number of terms in the series)

<
SeaT on s-' L7"

.Ufto Vita Soima"u
' I- ism .111M $ lis8

1" . . 7, t 3 17. 7 43•1 VA4,,3l[ 7 8• 6 r.m .o 4.1 I 00 1",5 w.0 1" 0.9IM 6 .7 V91S . L M 9. .4 I• 9. 11 .9.

M. 6 7. *B.e 11M

A=~* 34, ..*W.W .

It: 7N1 ~L.S i i. V4. 1 S .J U = s

I Average value of velocity was not computed owing to an insuf-
ficlrent anmount of raw data (le:ss than 500).

2Ince the calculated vertical velocity during the tur-
ilulernt mixinpg is less than the actual velocity, the determina-
tion of the wind speed based on the depre:ýsed vertical velocity
cases a lowering in the values of the wind speed. It Is speci-
fi1cally this condition which leads to the formation of systematic
po5 itive differences between the wind speed values collected by
the ,-adlo wind and pilot balloon methods. With height, the value
of devIaLlori In w dEcreases; therefore, we can naturally ex-
pect that in this same direction, the A7--values will also de-
cr(eas;e. However, under the influence of certain other factors
(tiL. Incea.•e• or decrease In wind speed w:.th height, the greater
or~ le:er .selectivity of the pilot balloon data, and so forth),
t}e' varlat•on in ANV does not always take place uniformly.
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Sometimes, especially in summer, .the reduction in the value for
V generally does not ocour in the lower kilometer layer.

/103
In the annual patter , the maximum for AV falls In

spring or autumn, when the relatively high wind speeds accom-
pany a considerable turbulent mixing. in summer, the minimal

Svalues of & v can be eiplUitled by the low w.'.id speeds, while
in winter, they can be explained by the decre.ased turublent
exchange of air. Similhrly to this, there should also take
place a certain difference between the . V-values in their di-
urnal pattern.- Unfortunately,-the r.ethO6" employed by us does

) not permit us to calculate. with sufficient reliability the con-
tribution.of each individual periQd of observations in the for-
mation of the average diurnal value for h v. However, we can
assume that the diurnal fluctuations in 4 v are not so appre-
ciable that they are perceptibly reflected on the results of
the analysis of the diurnal wind speed pattern based on the
averaged data. In particular, for such an assumption there is
the substantiation that above 100 m, the intensification of the
turbulent exchange (mixing) as a rule is accompanied by a de-
crease in wind speed and contrariwise (the opposite diurnal
pattern of intensity of turbulent mixing and wind speed should
probably exert a compensating effect upon the variation in the
& V-values during a 24-hour period). Nevertheless, admitting

in our calculations the independence of the & V-values upon the
observation periods, we calculate this value as reliable only
in a first approximation.

/loll
A further important feature of the difference A V con-

sists in the fact that.its'values exist in a definite dependence
on the nature and dergree of the selectivity of the data obtained
by the piloi balloon observations. Owing to this, being utilized
as a correction to the average values of wind speed acquired
based on the pilot balloon data, &V rermits us to suppress to
some extent or other their selective property. In reality, if
the selectivity of the pilot balloon observations is manifested
in such a way that the value for the mean diurnal wind speed
proves to be lowered, ft' correspondingly increases, and its
corrected value becomes close to the actual one. However, cer-
tain difficulties can develop if the extent and particularly
nature of the selectivity of the observations change systemat-
ically from some periods to others. Under the assumption of /106
such variations, it is often necessary to revert to an analysis
of the original data, and in case of their insufficiency (see
the lines drawn in Tables 1-3) in general we omit the calcula-
tion of A .

S-- 1- -



T-able 4

Many Years' Average Wind Speed (m/sec) Based on the Pilot Balloon
Data:Original-(Vjc, ) ahd Iieduced to the Radio-Theodolite Method

of O1CIervations (V') Autu=.n.

win&

,. -L I

small J

3..g
- $s

In this manner, the-difference Ai has two maitt sources:
the deviation of the actual vex-tical velocity of the pilot bal-
loon from the calculated velocity *( &w) and the selective
quality of the pilot balloon observations. The relative con-
tribution of these sources to the formation of each actual value
of 4.7 can be various, however generally the .principal role ob-
viously belongs to the deviations In & w.

The typical case of red~ucing the averaged data of the
pilot balloon observations to the radio wind method of soLnd-
ing is presented in Table 4 (the d-v-values are taken from
Table 3).

In Table 5, placed at the basis of a series of further
constructions, we have presented the many years' average wind
speeds calculated from the results of the radio wind sounding,
while for the part of the specific heights--based on the data
presented from the pilot balloon observations. The content of

-42-
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this table confirms well the existing general concepts concern-
Ing the nature of the diurnal pattern of the wind speed in the
boundary layer and moreover permits us to form a concrete judg-
ment concerrning the quantitative aspect of the object of the
present Investigation. however, the data presented In Table 5
do not provide a sufficiently graphic pattern of the variations
in wind speed during a 24-hour period.

Table 5

Many Years' Average Wind Speed (m/sec) at Various Times of Day

5-..9

"V-al,..s st U 5 ,.3. 4.

S J. 31.2 11.3 7.3 * &2
5A 15 .2 WA .0 10583 8.6

4A &15.1U U U .69 .9:S 988to U 3 5., 8 5.2 9 5.5vU I 1 X8 37

714 U5S 5.5 , #.3 4 .3 2.0 .T". " ." 7.2 5.51•If 5.1 L
TO I I *IU 6l 7.3 1.7 a 7. 7

V .5 - 5 6TA 7% W 7.f.6 74

an .4 7.3 3 7. 7. 7.I 7.4
II1 7.: 7.7

3.9 34.1111 *~A 73 .4 7.9
n "i" 7. I " 9.2

a 96 " U 5 9.6 8.3
9. u s U9. 2 9. 6 •9 9.3 9.0"9. 93 9.". 9.3 9.9

M. 9.3 A. 9.2

" "%2 "I I 9.4 9.4 I 1 .3- -. 15.1 1117
m 9. 6.19.5 ,2 99.

Thesc .ariations are portrayed more jistinctly in Table 6,
w.ere we have shown the deviations F:ý cf nany years' average wind

zPee- values for each individual period of obse-vaticrs (v)

from the 7any years' mean diu-nral value of the speed (vdludr

-I 3



For each specific height, the indicated deviations are calcu-
lated according to the expression:

(3)

i451111) Table 6

Deviations ;(W/sec) of Mean Values for Wind Speed at Various •
Times of Day (•p) from the Mean Diurnal Value of Speed (Vd.lur)

Height

1b an 01-. 1 1.h1 1 WII -.
- L -0. 3pi

ifn a .. -4. 1i 3. . 44 -.

eu s e• -: % .eesi e.g ~
01 -0.4 -3.0 .46-4s9 0.6 1.26 a-03

.1 .24 .2 o-4.. -0.6 -4.A k ! 0.9
OA 0.2 00'2 113 -0,, -4. ,.6

IM -L 0.3 f0 0.0 -02-0.5 - .63 0

-44:6 0.I6

0.6 04 1.3 -. 4 L3 -4.5 0.6 3.0

s. 0-30.9 00.2.
0 0.4 -0. -4.3 e .6-* e 41. -.3 0.3 -. AS -0.3 0.16.4 4-0.3 0.4 6.5 -41. -. 3 -4. 0.2 0.3

A-03 -40.3 - 4 . .
U 4 3 69~3 -. 1 06 ejus I 0,6.2 0.2 -4.2 -0.6 -0.8 0 .5 0.2

an -0.2 -0.3 41.3 0.2 -0.3 -0.1 0.1 -0.2
Lis -0.3 0.8 3 0.3 1 -0. " -0.1 -0.3

we0 IL 0. .. .1 -4.2~

ft"n warn -at --*.I -k 0. 0.46 0.3 0.0 --*.1
- 0.3 6.1. 0 0.3 -0.1 0.3

i 0.3 -0. I 04.1] 0.3
35 0.3 0.3 6.2 -. -0.5 -0.2 41.2 0.3

04 -4.2 0.3 0. 06.1 -. 0.0 0.3 -4@.3
M 0.3 9141.2 0.2 0.1 0 k
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The nature of the diurnal wind speed pattein can be rep-
resented particularly clearly by the isopleths of the deviations

in the height-time'coordinates. Without professing to show
a high accuracy of the reflection of diurnal speed variations
In all the possible details, such Isopleths (Fig. 1-4) permits
us to detect easily -the maximums (maximum, possible deviations)
and the minimums (maximum negative deviations) of wind speed
during a 24-hour period, the difference in their values and
the time of arrival at any given height. In addition, based
on the interpolated values between the isopleths, w'th the
aid of the equation

(4)

it is easy to derive fairly reliable hourly values of wind
speed (v oru) for each fixed height. It was just by such a
method that we calculated the hourly values (Table 7), having
served as a basis for constructing the isopleths of the many
years' average wind speeds.

Proceedlng to a review of the features of the diurnal
pattern of wind speed, let us explain first of all how accurate
the derived average values of speed are. Since as the basic
data, we adopted here the data from the radio wind observations,
it is very important that they correspond above all to the re-
quirements of a reliable analysis.

As a measure of the accuracy of the many years' average
speed values based on radio wind observations, we adopted the
mean-square error:

where 5' = mean-square deviation in speed, n = number of terms
in the series.

In Table 8, we have presented the results obtained front
the calculaticn of *-'v, which show that t-e errors of the many
years' average monthly values of wind speed reach 0.2-0.3 m/sec
for the level of 100 ra and 0.3-0.4 -/see for the level around
1,000 m.

it Is obvious that s,:cn a:. acz•racy 4f the averaze va_:
can not be recognized as adequate for an analyzis of the diiurral
variations in the wind speed. In cc~nnectlon with this, in place
of the average monthly values, we selected the data in a seasonal
averaging, owing to which the error in the average values waZ
cut in half. This permited us tc reveal the t-;cical featur'ez
of the diurnal wind speed cattern wlth an accura,,!y accertat'
in tne practice.
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Fig. 1. Isopleths of Deviation in Average Wind Speie
(m/sec) at Various Times of Day from the Mean Diurnal
Value of Speed. Spring. 1- positive deviations,2- negative, 3- zero.
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Fig. 3. Isopleths Indicating the Deviation in Average
Wind Speed (m/sec) at Various Times of Day from the Mean
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Fig. 5. Diurnal Wind Speed Pattern at Various Levels
in Spring (a), Summer (b), Autumn (c) and Winter (d).
1- anemometer; 2- 300 m; 3- 1,350 m (for winter 850 m);
and 4- 1,350 m (for winter).
Key: t) m/sec.
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Fig. 6. Average Vertical Wind Profile at Various
Times of Day in Summer (a) and in Winter (b).
1- 0600 hours Lil summer and 0800 hoir in wivnter;
2'- 1400 hours in summer and 1200 ho~urs in wrtr
3- 2300 hours in suammer and 160C9 hourz in wint.er.
Key: I) in/sec.
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Table 7 /1

Many Years' Wind Speed (m/sec) for Each Hour of the Day, Average
Diurnal ( m r/see) Based on Hourly Values in Amplitude of Diurnal

Fluctuations in Speed (A m/sec)

?lm (hours)

H a a I, 1213 i 4 S J, 1 4. I.S11 1 I ,S2j

Sporing

VWn YSR* 4.1 40 3.9 3.9 3.9 4.0 4.2 4.5 4.8 5.1 5.5 5.9 5.9
we 7.017.0 7.0 7.0 6.9 6. 7 6.7 6.71 .8 7.017.1 7.3 7.4
wS 0.3l 6.3 826.2 3.1 8.01 1.8 7.5 7T.5 .4'7.4 7.5 7.5

8- 6.21 .018 8 8 8.8 8.5 8.2 7.l 7.6 7.4 7.2 7.460 9.3 ,l9.0 8.7 8, 8.9 9. -* 9.0 8.91 8.1 3.:1 .3: 8.0 8.0
we 8.9 8.4 8. I .5 8.6 8.8 9.0 9.5 9. 9.0 8.9 .78.S 9.21,8.91 8,S 8.81 8.9 l, 9.01 9A.09.5-19.018.5 .S8.5 8,5

6i.8 .68 U. 8, 9.0 I. o 9.2 9.4 1.4 9,J 9.2 9.0 8.9

VW Sb 2.7 . 2.41 2.4 2.4 2.5 2.9 3.2 3.6'3.9 4.3 5.0 5.0
W 5.A .2 6. 4 6.2 5.5 5.4 5.2 5.3--5.6 6.2 6.4 6.6

30 7.2 7.4 17.41 7.4 7.2 7.0 6.5 6.0 5.8 5.8 62 6.5 6.1
3 J 7., 5A 7.6 76 7.5 7.4 7,0 6.6 6.1-6.5 6.5 6.1 6.5

wS 7.6 7.5 7.4 7.4 74 7.4 7.3 7.2 7.0 6.8 6.6 6.6 6.6as 7.6 7.472j7.2 7.4 7.5 7.5 7.5 7.5 7.3 7.1 6.9 6.9
e 7.4 7.7.3 75 7.8 .0 8.0 7.9 7.6 7.4 7.1 7.1
7. 7.8 7.8 7.9 7.9 7.9 l 7.9 1. 9 7.8 7.7 7.6

Wind TWO 1 3.6 3.5 3.5 3. 5 3.6 38.63.9 4.1 4.5 5.0 5.0Wl 7.0i 7.1 07 .91 .' ~.l ,I5 6.7 tI 6.7. 6.5 6.8 7.0 7.1
6.018.31 8.3 .1 .1 1.0177.9 1:,17.6J7.617.5 7.3 7.5 7.5

0 9.21 9. 9.I 9.0 9.0 9.0 8.81 .6 .8.5 8.3 8. 7.7 7.7
W 9.2 I9.21 9.2 9, 920.3 9.31 9.3 9.8 -.~3 19.2 9.1 8.9 8.7

Uin 8.6 9.8j. 8i89 9.019 9.21'9.3 I9.3 9.3 9.2 9.0

Vint"

VWi vw 4.4 4. 4.4 4.4 4.5 4,35C 4.3 145I.4 I4.8-4.9 4.9
6, *. & :4 ' 70 ' 7.0 0 70 7.0 7.1 7.0 .G'7.1 7.2

0 8.0 SO- .1 8.130.1- 5.: l.2 - .2189.0- S.03.0-7.9 7.9
ns 83 8.6' 8.81ll 8$81 9.0 9.0 9.U-i8. 9 :18.018.68
an 9.3 9.2 i 9.2 9.4 2.: i 9.6 9.7 9.61i915 1.4 :1-3 13'i '1
M .4 94.5 9.6 9.7, 9.-, 9.60:,, 9.1;.7.6

U 96 9,6 9.6 9.6 2.5 .5 9.5 9.4 949. .* .4 991
.4 9A19.8 9.8 9.7 9.6 9.6 9.4.4 99.6 9.7 9A

*1V



/110 Table 7(Cont'd)4

'Uso (z'urs)

spring

(6.q 6.0 5.955SA(5.615.314.914.5 4.5 4.4 4.349 2.1 T-
I 7. 7.5 7. 7.3j 7.3 7.31 7.4 7.2 I7.1 7.6 17.1 0.8

.7 7.6 7.6 s7.3 7.317.7 51 ~8.4l 6. S18.5 8.317.9 09
1.6 1.6 1.S 7.4 1. .3 7.9 5 .3 5.9 9.0 9.2 9.4 C 52 1,22
7.9 8.0 I7.9 1j.9 S.0 8.2 5.7 I'.0 9.2 9.41 9.5 13.6 5.b
8.4 8.418.2 8.2 8.*2 S.4 8.9 9.1 19.2 9.4 %. 8.81I 1.2
8.5 8.5 8.4 3.3 S.2 8.3 8.3 64.6 8. 8.9 90 8.7 0.9

5.1 5.1 35.0 4.9 4.9 4.1 3.7 3.1 & 0 2 2853.6 2.7
6.6 6.6 6.656.6 6.4 6.4I6.4 6.3 6.015 5.8 5. 6.1 1.4
S6.8 I6,7 O .5 6.7 56.5 56.1 I7.0 7.2 37.2 57.21 7.2 & ,6f o
6.6 6.7 6.7 6.6 6-5 4 .7 7.3 2~ 7.7 1 * .9 &S 7.0 j1.96.6 ~6.6 $. 7.0 7.1 7.1 17.6117.5 7 .18 7.5.7.21 s27.0 7.1 7.2 1'4 47.6 7.6 .87.5 17.8 7. 7. [.4 6.9 k.0- '7.0 '.5 7.5 7.2 ?.4 17.6 7.6 767.6 1.3 7.4 6.6

7. .5 IA 7S 47.5 S 17.67 7.6 7.6 76017 .

S .1 *5.1 5.9 4.6 4.2 ki 4.I39 1353.8 53.7 314.2W 1.6
7.1 7.0 6.917,0 7.0 7.2 7.3 7.4 7.3 17.2 7 07.0 0.7
1.4 7.3 7.45 '.6 I7.9 U533. 3. .4 0.5 06.4 .3I7.9 56.2
7.7 57.8 3.10 S .2 S .- 85 9.0 9.2 9.3 9.3 9.-1 8.6 1 .6
8.6 S .5 8.7 I8.9 9.0 5 . 949.6 9.) 9.4 9.3 9.1 I .1
S.4 8.7 1 .7 . . . . . . . 8.8 9.6 0.6
8.93 BE 8.8 &8.8 .1 59 .0 119 .08I.9 8.'s 8.sI -9 049- 931 . 9.21 9.lj 2.2 9. 9.091 9-2 9.2 .2 0.3

55.0 3.0 4.9I 4-55 I.Y 4.7 4.6 4.6 4.S 54.1.5 4.6 I .1ý
7.0 &9 " 1. '6.9 17.0 7.1 7.2 57.3 7.2 1.0 7.9 7.0 5 .4

737.6 7.7 17.8 7.9 3.0 8,2 1 8. 8.3 8.2 S.1 I. 0I8 .2 82 SA8. 8.5 0.; &A S-S S .* S.9 8.81 or 0.
V.3I 1 9.2 19.2 1 11a 924 9.:$ 19.4 19.4 9.3 9.J3 .



/112
Table 8

i.'a Years' Average Wind Speed (v) and Its Error (r;) (n = Num-

lcr' of Terms in Series, ' = Mean Square Deviation in Speed).

Tim h -
02 1 4

Month

100 M

january... 147 1.6 3.3 0.3 150 6.7 3.0 0.2
b . 134 6.6 3.0 0.3 136 6.9 3,3 0.3Wbruiar 140 7.0 3.4 0.3 143 7,7 3.5 0.3
.... 142 7.1 3.3 0.3 139 7.4 3.7 0.3

y .... 147 6.9 3.2 0.3 14i 7.5 3.5 0.3
14'r...** 14 ] 6.2 3.0 0,2 147 6.6 3.1 0,3

6.. M46 6. 3.3 0.3 149 6.8 3,0 0.2
HB 3.4 6.4 2.8 0.2 149 6.6 2.9 0.2
1mbe. , .n44 6.2 2.5 0.2 140 6.6 2.8 0.2

o O .. *•. 151 7.0 2.5 0.2 149 7.2 2.8 0.2
ove or.... 145 7.8 3.5 0.3 143 7,1 3.5 0.3
fece 1r.. •53 7.5 2.9 0.2 144 7.0 2.8 0.2

850 m
JgnUary... 141 1.2 4. 0,4 1 49 9.7 4.8 0,4
,b .. 129 9.9 4.0 0.4 1J 9,6 5.0 0.4

• 141 9,0 4.5 0.4 130 97. 4.1 0.4
!O.'0 8.2 4.2 0.4 147 7.9 4.4 0.4

........ .0 3. 0.3 43 6,9 3.4 0.3
*U • .... 3 146 7.1 3.0 0.3 147 7.0 3.7 0,3

A jU .t 146 7.5 3.9 0.3 !17 7,4 3.5 0.3
s•ll riiborn • 139 8.0 3,6 0.3 [.i 7.3 3.9 0,3

T'L ODr... o. 149 9.1 4.4 0.4 146 8,6 4.4 0.4

November....I 1N 9.4 4.3 0.4 340 lU,O 4.9 0.4
December..* 148 9.5 4.5 0.4 133 9.3 4.5 0.4

Let us now return to the isopleths of the deviations

- represented in FIgs. I-II.

it is easy to observe that in the spring (Fig. 1), at

the i]arth's surface, the diurnal maximum of speed falls at 1300-
1400 hours, while the minimum occurs at 03 00-01100 hours. At a

hefrht of an average of around 100 m, there is found the level

oV the reversal of the wind (zero isoipleth) above which the
std h•a,- a diurnal pattern, opposite to that which occurs at

thýe Lart 'I surface: the maximum Ln :;peed I:; recorded at 2200-

,)300 hours, while the minimums perceptibly deformed by the influ-

ence of the near-ground maximum, extends: between 1100 and 1700

hours. This second type of the diurnal pattern is expressed /113

most clearly in the 300-500 meter layer. Within the limits of

thi.ý layer, in proportion to the increa;,e In height, the noc-

tu,,nal maximum is shifted to 0400-050C '-ours, while the daytime
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minimum, becoming less distinct, is maintained for about the
same time interval.

Starting from aheight of 800-900 m, we find a third b

type of diurnal pattern in wind speed with two maximums (at
0700-0900 and 2200-2300 hours) and with two minimums (at 0200- %
0300 and 1700-1800 hours).

An analogous pattern occurs in summer (Fig. 2). However,
in this season, the nature of the diurnal variations neverthe-
less differs from the spring season in certain features: by
a somcwhat raised level of wind reversal during the day, and
by a lowering at night, by an earlier arrival (in the first
half of the day), of the phases of the diurnal pattern, and
by a perceptible decrease in the depth:of the layer with two
maximums and two minimums.

In autumn (Fig. 3), there occurs a further "subsidence"
of the layer with a dual diurnal pattern of speed, also prop-

agating to the subjacent layers. At a height of 1700-1800 m,
the morning maximum is replaced by a minimum, indicating the
appearance of a further (fourth) type of diurnal pattern in
wind speed.

The latter circumstance is portrayed quite lucidly in
Fig. 4, typifying the diurnal variations in the speed in winter.
As is obvious, during this season, at a height of 1300-2000 m,
we find a diurnal wind speed pattern with one maximum (at
1 40C-1900 hours) and one minimum (at 0700-0900 hours). With'
regard to the first three types of the diurnal pattern, they
are also retained in a weakly expressed form in the winter,
as a whole not emerging beyond the limits of the 1,000 m level.

A more definitive concept of the basic types of diurnal
wind speed pattern is provided by the curves constructed for
several levels with distinctly manifested typical variations
in the speed during a 24-hour period (Fig. 5). Comparing the
appropriate curves pertaining to the various seasons, it is
easy to detect, on the one hand, the basic similarity of the
diurnal fluctuations in speed during the entire year, and on
the otier hand, the essential differences between them, espec-
ially in respect to value of amplitude.

Naturally, the differences in the diurnal pattern of the
speed at various levels are linked with the dissimilar nature
of the vertical wind distribution at different hours of the
day. As is shown in Fig. 6, from the Earth's surface to
100-200 m, wind speed rises abruptly with height, while above
the indicated level, it behaves differently: in the warm
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season of the year in the morning, it increases gradually,
while around midnight, it decreases slowly; during the day, the
gradual drop is alternated twice by a fairly rapid rise. In
the winter, the vertical wind profile changes but little during
a 24-hour period.

The distribution of the mean wind speed in the entire
depth of the boundary layer over an entire 24-hour period can
be traced easily with the aid of the isopleths represented
for each season, and depicted in Figs. 7-10. Without going
into a detailed analysis of this distribution, let us note
only certain of its characteristic features.

In the spring (Fig. 7), the maximum mean wind speed value
(9.5 m/sec) is recorded at around midnight at a height of 500-
700 m. Only in the morning, at the topmost level of the boun-
dary layer (1800-2000 m) does the wind speed attain approximately
the same value. In summer (Fig. 8), the nocturnal maximum
(8.0 m/sec) occurs at a height of 300-500 m, while the morning
maximum occurs at 1300-1600 m. Between the morning and night
maximums, in the spring and summer, the daytime maximum is
well-expressed. Its axis passes through the entire boundary
layer, shifting from the second half of the night at the Earth's
surface to the evening hours at the upper levels. The second
minimum is recorded at night at the height of 1,100-1,500 m.

A similar although less distinct distribution in wind /114
speed occurs in the autumn (Fig. 9). During this season, the
night-time minimum proves to be extended greatly through time;
and the nocturnal maximum (19.6 m/sec) shifts to the evening
hours.

In winter (Fig. 10), the wind speed distribution features
typical of the boundary layer are traced only to a height of
around 1,000 m. Above the indicated level, they are quite imper-
v eptible. The sole feature which attracts attention here is the
slight morning minimum, extended through time and in height, en-
compassing a part of the night and almost the entire first half
of the day. Incidentally, this minimum pertains to the heights
which during the cold season already prove to extend beyond the
limits of the boundary layer.

xIn general, such is the pattern of the diurnal wind speed
variations in the lower 2-kilometer layer of the atmosphere.
Essentially, it reduces to the fact that in proportion to dis-
tance from the Earth's surface, we have a successive alterra-
tion of three-four, as a rule, opposite, types of the diurnal
.attern of wind Zrpeed. 7he average height a'•d the depth of the
layers ( to which any given type of dlurnal cattern is irnherent)
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depend appreciably on the season. The variations in speed with
height are dissimilar at various hours of the day.

The results obtained from analyzing the actual observa-
tions thus indicate that the typical diurnal wind speed pattern
is manifested in a fairly distinct form in the south of the
Eastern-European plans (Kharkov). This agrees fully with the
existing concepts about the reasons underlying the phenomenon
under consideration.

As is known, the first explanation of the diurnal wind
speed pattern was given independently by Espi, Keppen and Voy-
eykov. As early as 188114, the latter had indicated the neces-
sity (for explalning the diurnal pattern) "of reviewing the
relation of the lower air layers to the superjacent ones" [4].

According to the Espi-Keppen theory, having enjoyed
great popularity for a long time, the diurnal pattern of the
wind speed is caused by the exchange of the lower air masses,
slowed in their motion, with the upper, more mobile masses.
This exchange occurs most strongly immediately after noon,
when the vertical convection and its accompanying turbulence
attain the maximum intensity. Therefore, around noon, at the
Earthis surface, a maximum is recorded, while in the superjac-
ent air layer, a minimum of the wind speed is registered. The
quantity of motion, redistributing among the layers with a
varying wind speed, is generally retained during this time.
In the same way, we also can explain the reversal of the
diurnal pattern aloft, and its weakness above the oceans, where
the intensity of convection scarcely changes during a 24-hour
period [13].

Distinguished as a whole by a recognized orderliness, this
theory nevertheless proves inadequate for explaining certain im-
portant aspects of the phenomenon. Thus, the layer in which the
wind speed lackens during the day is many times deeper than the
near-ground layer, where the speed is intensifying. In view of
this, the total quantity of motion can not be preserved. Ob-
viously, during the day, it decreases, while at night it in-
creases. Hence, the Espi-Keppen theory does not explain the
differences in the vertical extent of the layers with reversed
diurnal patterns.

The assumption exiztz tnat during the day in the atmos-
phere, which iZ heating up and expanding, a certain accumulation
of potential energy occurs, which in the evening and at night
is "realized", transforming te kinetic energy of air rction I
[271. %b--iUs17, this effect is superlmposed on the atove-
:ndlhared effect ýf convection.
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According to another viewpoint, the basic reason for
the great depth of the upper layer, where the wind speeds
slacken during the day, is the wind's freshening during the
day at the Earth 's surface, causirg an increased energy dis-
sipation In the near-ground layer, and a reduction in the
quantity of motion up to considerable heights [21].

/115
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Fig. 8. Isopleths Indicating Mean Wind Speed. Summer.
Key: a) hours.
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Fig. 9. Isopleths of Mean Wind Speed. Autumn.
Key: a) hours.
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Fig. 10. Isopleths Depicting Mean Wind Speed. Winter.
Key: a) hours. (
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/117
It is also ccnsidered that, along with the daytime de-

velopment of the convection and turbulence, the cause for the
diurnal pattern of wind spe•d (and direction) can be found in
the diurnal variations of the additional baric gradient. Under
known conditions, the latter seemingly appears in the atmosphere
as a supplement to the basic baric gradient, directed in accor-
dance with the gentral arrangement of the isobars [1]. The
additional baric gradient causes an additional vector of wind
speed, which is superimposed geometrically with the base velo-
city vector, varying its direction and value.

Unfortunately, not one of the suggested qualitative sys-
tems can explain all the phenomenon's details. Therefore what
is needed is a strict quantitativ theory, but its construction
presents appreciable difficulties.

The first attempt at a mathematical explanation of the
diurnal pattern of wind speed was made by B. I. Izvekov. How-
ever, assuming the coefficient of turbulent viscosity to be
unvarying with height, the results he obtained were not very
satisfactory [2].

M. Ye. Shvets solved the problem of the diurnal pattern
of wind speed, hypothesizing that the coefficient of turbulent
viscosity increases to a certain height, then remaining con-
stant. He considered this coefficient to be a periodic time
function with a 24-hour period [28].

The result obtained by Shvets agrees better with the ob-
servations. Nevertheless, the explanation of the diurnal pat-
tern requires a further, more detailed theoretical development
and verification. It is apparent that the empirical studies
should also facilitate this.

In conclusion, I wish to divert attention to certain
specific results of our analysis, which seem somewhat unexpec-
ted in the light of the existing concepts.

Above all, what is very striking is the circumstance that
the layers with the clearly expressed diurnal variations in
speed attain the maximum height in the spring months rather
than in the summer. This phenomenon, unusual at first glance,
proves quite natural upon closer examination, since in a large
part of the European territory of the USSR, the height of the
boundary layer and the coefficient of turbulent mixing reach
the maximal value specifically in spring [16]. At this time of
the year, the distribution of the meteorological elements in
the boundary layer is affected equally strongly by the thermal
and the dynamic factors (in summer, the dynamic factor has a
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lesser value in view of the wind's slackening in the annual
pattern).

The relatively early arrival, in summer, of the phases
of the diurnal pattern in the forenoon hours is generally known
and easily explainable. However, in our view it is not simple
to explain the fact that the increase In the duration of the
day and the related increase in the role of the thermal factor
does not lead to a later advent of the afternoon phase (it would
appear that the latter should occur on the strength of the
phenomenon's physical logic). In this sense, the mutual con-
vergence of the diurnal pattern's phases in the cold period,
when the effect of the thermal factor becomes barely percep-
tible, appears more natural.

The results obtained do not agree entirely with the
popular opinion to the effect that in the boundary layer, the
wind speed always increases with the height. Even the Obser-
vations conducted in Kharkov and averaged for 5 years permit
us to detect in the warm half of the year a considerable de-
crease in the wind speed with height, starting from various
levels at different times of the day. Moreover, these obser-
vations indicate quite definitely that around midnight, the
maximal values of mean wind speed during a greater part of the /118
year do not occur in the upper levels of the bouneary layer,
but at a height of only 300-500 m In all.

Let us recall that the maximum of wind speed at a height
of 300-500 m was first discovered by M. M. Rykachev. However,
both Rykachev and subsequently Molchanov, just as certain con-
temporary authors [27] assumed it to be weak, evidently owing
to the scantness of the available data or as a result of their
diurnal averaging. Actually, however, as the observations con-
ducted in Kharkov indicate, this maximum in the hours around
midnight, especially in spring and summer, is not only suffi-
ciently strong but is also basic.

A certain slackening of the wind with height is eviden-
ced by the data for Pavlovsk, obtained by another method and
averaged for another 5-year period [15].

We should also stress that, according to the analysis
conducted, the average wind speed in the upper layers of the
boundary layer in certain seasons can be less at night and
more in the first half of the day. It is therefore considered
that the judgment, expressed half a century ago by V. A. Khanev-
skiy [26] and repeated until this time, to the effect that to
a height of at least 3 km, the maximum wind speed usually
occurs at night, while the minimum is usually during the day,
needs some refinement. Let us incidentally comment that
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referring to Khanevsl-ly, the modern authors do not stipulate
that in the given cast, he relied on the results of kite ob-
servations, taken in an annual averaging. Khanevskiy himself
considered that it was necessary to stress this aspect.

The author wishes to express his heartfelt gratitude to
Doctor of Geographic Sciences, I. G. Guterman and Prof. S. A.
Sapozhnikova for their valuable comments and advice proffered
in the writing of the present report.
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(U) A discussion is presented of methods used to determine the
characteristics of the duration of sustained wind speeds over
plains areas in the Soviet Union. The data were taken from the
Spravochnik po klimaty SSSR (Handbook on the Climate of the USSR),
Part III, and consisted of measurements made at 28 stations lo-
cated in areas of various types of shelter and terrain and repre-
senting such widely distant areas as Dickson Island in the Artic
to Kiev in the Ukraine and Irktsk in Central Asia. Wind-speed
intervals for open flat terrains were less than or equal to 2, 4;
and greater than or equal to 5, 8, 12, 16, and 20 m/sec. Modal
values of the frequency of wind-duration limits (cases in which
modes for hourly intervals and those for more than I hr were cal-
culated) were ui;ed to construct distribution curves. Analisis of
these curves failed to show any significant differences in them
either for the varicus stations, wind-speed limits, or for seasons,
i.e. the distribution curves related to a single law of distribu-
tion in which only the numerical parameters varied. Orig. art.
has: I figure, 3 tables, and 2 formula'.
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(U) An approximate calculation procedure is described for the
determination and characterization of the changes in wind speed
with height in the lower 100-m layer of the atmosphere over the
forest and forest-steppe (southeast of the Oka River) terrains
of central European USSR. These variations are determined by
comparing wind speeds measured at vane-heights with those measured
at h equals 100 m from radiosondes and pilot balloon launch sites,
and pilot balloons (77 weather stations, 7 pilot launch sites, and
18 radiosonde stations). Siince station characteristics varied
widely,the stations were grouped by such characteristics as type
of terrain (forest of forest-steppe), openness (visu-al range, de-
gree of shelter), type of relief, proximity to water bocy and type
of shoreline, and nearness to populated areas. The mean annual wind
speed and the diurnal amplitude of the speed in July were taken into
account in the station grouping process. The results of the study
are presented in the form of graphs, tables and extensive appendices
which show in detail the monthly, daily mean, daytime, and nighttime
relationships of wind speeds to 20 types of weather station positions
Orig. art. has: 4 figures, 10 tables, and 4 formulas.
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(U) A method i proposed whereby diurnal variations in boundary
layer wind speeds cart be determined by ccmbining rawinsonde
measurements made at 6-hr intervals in a 24-hr period with those
made with pilot balloons in periods intermediate within these main
intervals. In this method the resultj obtained from the pilot
balloon measurements are reduced to the rawinsonde drta, using a
method involving the differences in long-term values of the meandiurnal wind speeds. The procedure involves the individual com-
putation of the long-term mean diurnal wind speeds at fixed
heights fiLom speeds obtained in four equally spaced rawinsonde
ascents and for four other identically spaced periods in which
pilot balloon observations are made. The difference between these
two values is the error of the pilot balloon observations relative
to the rawinsonde measurements (with the opposite sign). It it is
assumed that the difference is stable for all of the observation
periods, the mean wind speed for a given period obtained from long-
term pilot balloon observations can be reduced to the value of an
adequately "mean rawinsonde measurement" for the same period, i.e.
Orig. art. has: 10 figures, 8 tables, and 5 formulas.ii
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